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Enhanced gas-liquid mixing under variable liquid operating level conditions.

A gasdiquid mixing system employs an impel-
ler/draft tube (8) assembly submerged in liquid.
Hollow eductor tubes (10-11) affixed to the
impeller drive shaft are used to flow gas from an 13
overhead gas space to the liquid in the vicinity
of the assembly. The positioning and size of the
eductor tubes are such as to maximize the

desired gas-liquid mixing and reaction rate. [
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Background of the Invention

Field of the Invention - The invention relates to
gas-liquid mixing operations. More particularly, it re-
lates to enhanced gas-liquid mixing under particular
variable liquid level operating conditions.

Description of the Prior Art - In gas-liquid mixing
operations, the Advanced Gas Reactor (AGR) system
employs a down-pumping impeller positioned within a
hollow draft tube in a mixing vessel to create a recir-
culating flow pattern in a body of liquid contained in
the vessel. Because of such recirculation of the liquid
downward in the hollow draft tube and upward in the
vessel outside said draft tube, vortices are formed in
the upper inlet area of the draft tube so as to draw
feed gas from an overhead gas space within the ves-
sel into the recirculating liquid passing downward into
the draft tube, as disclosed in the Litz patent, U.S. Re.
32,562.

Satisfactory vortex development for such gas-lig-
uid mixing purposes depends, among various practi-
cal operating factors, on the maintaining of a proper
liquid level above the top of the draft tube. If the liquid
level were to rise above this operating level, the for-
mation of vortices would be impeded, and the gas in-
gestion rate would decrease essentially to zero. Thus,
operating at liquid levels above the optimum level can
substantially reduce the gas ingestion capabilities of
the AGR system. If the liquid level falls below the top
of the draft tube, all pumping action ceases.

In gas-liquid mixing operations subject to non-op-
timum liquid levels, therefore, the effectiveness of the
AGR system can be seriously impaired. In the Litz pa-
tent, U.S. 4,919,849, the use of hollow gas ingestion
tubes connected to a hollow shaft are disclosed as a
means for drawing gas into downward pumping heli-
cal impeller means positioned in the hollow draft tube
and located at non-optimum liquid levels during the
course of gas-liquid mixing operations subject to va-
riable liquid level operations.

In many gas/liquid mixing applications, particu-
larly those in the specialty chemical and pharmaceut-
ical areas, variations in liquid level within a vessel are
very common. They may be caused by variations in
the batch size processed, an increase or decrease in
the volume of reactants, or the addition or removal of
material as the reaction proceeds. In many process-
es, itis desirable to be able to recirculate a gas or gas-
es that accumulate in the vessel head space. This is
particularly the case of hydrogenation and oxygena-
tion processes. While the above-indicated Litz pa-
tent, U.S. 4,919,849, addresses this matter and pro-
vides for the drawing of gas from the overhead gas
space in circumstances in which the vortex develop-
ment of an AGR system, and thus gas ingestion, is im-
peded, further improvements are desired in the gas-
liquid mixing art. In particular, it is desired to provide
for enhanced gas-liquid mixing in reactor vessels hav-
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ing very large liquid variations, e.g., as much as 8 feet
or more, during the course of gas-liquid mixing oper-
ations.

It is an object of the invention, therefore, to pro-
vide an improved system for gas-liquid mixing subject
to variable liquid operating level conditions.

It is another object of the invention to provide a
system to maximize gas-liquid mixing and reaction
rates under variable liquid level conditions.

It is a further object of the invention to provide a
gas-liquid mixing system for optimizing the use of hol-
low gas ingestion tubes for a totally submerged helical
impeller/draft tube assembly.

With these and further object in mind, the inven-
tion is hereinafter described in detail, the novel fea-
tures thereof being particularly pointed out in the ap-
pended claims.

Summary of the Invention

The location and geometry of hollow gas inges-
tion tubes are matched with the gas requirements of
the helical impeller of an AGR system to maximize
gas-liquid mixing and reaction rates. In a totally sub-
merged helical impeller/draft tube AGR assembly, all
of the gas is desirably ingested into the draft tube
where the reaction rate is highest.

Brief Description of the Drawing

The invention is hereinafter described with refer-
ence to the accompanying single-figure drawing com-
prising a schematic side elevational view of a variable
level gas liquid mixing system of the invention.

Detailed Description of the Invention

The objects of the invention we accomplished by
employing hollow gas ingestion tubes, i.e., eductors,
desirably positioned and with a geometry such as to
enable an impeller/draft tube system to efficiently
provide desired gas/liquid mixing in a reactor vessel
subject to large variations in liquid level during the
mixing operation. Liquid level variations of as much as
8 feet or more can be tolerated in the practice of the
invention.

A downward pumping helical impeller is posi-
tioned in a hollow draft tube having open ends at the
top and bottom thereof as in conventional AGR sys-
tems. The draft tube is positioned in the lower half,
preferably in the lower third of the reaction vessel.
The bottom of the draft tube, however, is located no
closer than three quarters (3/4) of a draft tube diam-
eter in length above the bottom of the reaction vessel,
and preferably one diameter in length above the bot-
tom of the reactor vessel.

In the embodiment shown in the drawings, reac-
tion vessel 1 has draft tube 2 thus positioned in the
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lower portion thereof. Impeller means 3 is positioned
in such draft tube 2 and is driven by drive shaft 4 ex-
tending upward through reaction vessel 1 to drive mo-
tor 5 positioned above said reaction vessel. For pur-
poses of the illustrated embodiment of the invention,
drive shaft 4 is a hollow shaft having gas inlet means
6 in the upper portion thereof above the maximum lig-
uid level 7 to be encountered in the course of gas-lig-
uid operations in the reaction vessel. The lower liquid
level within said reaction vessel 1 is indicated by the
numeral 8, with the difference between lower liquid
level 8 and maximum liquid level 7 representing the
liquid level variation 9 encountered in the course of
gas-liquid operations using the mixing system of the
invention.

In the embodiment illustrated in the drawing, two
eductor tubes 10 and 11 are affixed to hollow drive
shaft 4 and are in fluid communication with the inner
portion thereof. As said eductor tubes are hollow
tubes that extend radially outward from hollow drive
shaft 4 into the body of liquid 12 in reaction vessel 1,
gas communication is established from overhead gas
space 13 in reaction vessel 1, through said hollow
drive shaft 4 and eductor tubes 10 and 11, to said
body of liquid 12. Upon rotation of said eductor tubes,
gas is drawn from the overhead gas to the eductor
tubes and is discharged therefrom into the body of lig-
uid in the region above draft tube 2.

Eductor tubes 10 and 11 are spaced 180° apart
and are located at a distance of 1/4 to 1 1/2 times the
diameter of the draft tube above the top of the draft
tube. Preferably, the eductors are located from 1/2 to
1 diameter above the top of the draft tube. It will be
noted from Fig. 1 that the impeller-draft-tube assem-
bly located in the bottom portion of reaction vessel 1,
as indicated above, is totally submerged below lower
liquid level 8. Likewise, eductor tubes 10 and 11 are
so positioned below said lower liquid level 8.

The eductor tubes extend outwardly to a end-to-
end length, i.e., from the outer end of eductor tube 10
on one side of hollow drive shaft 4 to the outer end of
eductor tube 11 on the outer side of said drive shaft,
of from 1/2 to 1 1/2 times the diameter of draft tube 2,
preferably 1 to 1 1/4 times said diameter of the draft
tube. In this regard, it will be noted that draft tube 2
is illustrated in the drawing as having an outwardly ex-
tending conical section 14 at the top thereof to facili-
tate the flow of gas bubbles and liquid into the draft
tube. The diameter of the draft tube, as referred to
above, generally refers to the diameter of the main
body of draft tube 2 rather than to the outer diameter
of the optional conical section. If such a conical sec-
tion is employed, however, it is generally desirable for
the total end-to-end eductor length to be equal to the
large outer diameter of the conical section. The educ-
tor tubes are typically fabricated from standard sizes
of extra heavy wall pipe, with the outside diameter of
said eductors being generally between about 1/17
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and 1/19 the diameter of the drafttube although other
sizes can also be employed in the practice of the in-
vention.

The drawing also illustrates the positioning of a
split draft tube 15 in the region of reaction vessel 1
subject to liquid level variation 9. This optional feature
of the invention is advantageous for incorporation in
tall reaction vessels, i.e., those having a relatively
large height as compared to the diameter thereof. In
the illustrated embodiment, split draft tube 15 has two
axial, upwardly extending openings or splits 16 and 17
on opposite sides of the draft tube. It is within the
scope of the invention to provide any convenient num-
ber of such axial, upwardly extending splits, or to pro-
vide otherforms of openings so as to enable upwardly
flowing liquid to pass into the interior of said split draft
tube for recirculation downwardly therein, facilitating
the circulation of liquid throughout the reaction ves-
sel. Thus, liquid flowing upward in reaction vessel 1
outside draft tube 2 and past eductor tubes 10 and 11
will tend, in the course of its further upward move-
ment, to pass through splits 16 and 17 of split draft
tube 15 for recirculation downward to the vicinity of
draft tube 2, from which it is drawn through said draft
tube 2 under the influence of impeller means 3. If the
height of reaction vessel 1 is not particularly large as
compared to the diameter thereof, those skilled in the
art will appreciate that there is little or no advantage
to incorporating an optional split draft tube in the sys-
tem of the invention.

In the practice of the invention, it is generally de-
sirable to rotate the eductor tubes so as to achieve a
tip speed at the ends thereof of between 1,500 and
3,000 FPM. For many applications, said top speed is
preferably from about 2,000 to about 2,400 FPM.

Those skilled in the art will appreciate that vari-
ous changes and maodifications can be made in the
details of the invention, as herein described and illu-
strated, as herein described and illustrated, without
departing from the scope thereof as set forth in the
appended claims. Thus, more than the two illustrated
eductor tubes can be applied to hollow drive shaft 4
at the predetermined location above the draft tube.
Such eductor tubes are generally spaced at equal an-
gles around the draft tube, so that three such inductor
tubes would generally be spaced 120° apart, while
four such eductor tubes would generally be spaced
90° apart. It is also within the scope of the invention
to position eductor tubes at more than one height
above the draft tube, although by the matching of the
location and size of the eductor tubes relative to the
liquid pumping, helical impeller/draft tube assembly,
desirable gas-liquid mixing and reaction rate can be
achieved without using multiple level eductor tubes.
In any event, the invention enables essentially all of
the gas to be ingested into the draft tube, where the
highest reaction rate occurs. It is also within the
scope of the invention to establish fluid communica-
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tion between the outwardly extending eductor tubes
and hollow conduits affixed to the outer surface of the
impeller device shaft, which can be solid in this in-
stance, with said hollow conduits extending upward
into the overhead gas space to thus establish fluid
communication between the overhead gas space
and said eductor tubes.

It should be noted that, in the practice of the in-
vention, a sparger ring will typically be provided below
the draft tube for gas introduction purposes. The
sparger ring will typically have a diameter the same
as that of the draft tube, with appropriate holes point-
ing downward for said gas introduction purposes.

In the practice of the invention, it is generally de-
sirable for the ends of the eductor tubes to be cut at
an angle trailing back from the direction of gas flow in
said eductor tubes. Such angle of art, which serves
to facilitate the flow of gas from the eductor tubes into
the body of liquid in the reaction vessel, is generally
from 30° to 90°, preferably about 45°.

The invention has been described particularly
with reference to conventional gas-liquid mixing oper-
ations, e.g., hydrogenation of organic liquids or the
oxygenation or chlorination thereof, in which variable
liquid levels may cause non-optimum operation of an
AGR system. The hydrogenation of nitrobenzene to
form analine, with by-product water, is a typical exam-
ple of such circumstance. It should be noted that the
invention can be extended to other processing oper-
ations. For example, in applications in which an inert
or expensive gas, e.g., nitrogen, is injected into a sol-
ids-containing liquid to separate the solids from the
liquid by flotation, it is advantageous to be able to re-
circulate gas from the head space, as provided here-
in, for mixing with a body of solids-containing liquid,
when coupled with an efficient liquid pumping sys-
tem.

Those skilled in the art will appreciate that any
suitable axial flow down-pumping impeller means can
be employed to create the desired downward flow of
liquid in the draft tube with resulting vortex formation
to draw a gas bubble-liquid mixture into the draft tube
for enhanced mixing therein. While helical impellers,
typically with a single or double helix configuration,
are generally preferred, marine impellers or other
commercially available axial flow impellers can also
be employed. Various baffle means can also be in-
cluded in the reaction vessel to facilitate the desired
circulation of liquid upward in the annular space be-
tween the impeller-containing draft tube and the
walls of the reaction vessel and into the upper split
draft tube if such is employed in particular embodi-
ments of the invention. The components of the sys-
tem can be made of any conventional, conveniently
available materials compatible with the contemplated
gas-liquid mixing operation to be carried out therein.
Thus, various metal alloys, plastics and glass materi-
als may be employed in particular applications. Rep-
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resentative examples of suitable materials include
stainless steel, rubber coated steel, titanium and the
like.

The invention will be seen from the description
above to enable AGR processing operations to be de-
sirably carried out in applications in which non-opti-
mum, variable liquid levels in the reaction vessel in-
hibit proper vortex development and desired gas in-
gestion from the overhead gas space into the liquid
in the reaction vessel. The invention, which is partic-
ularly desirable where it is desirable to recirculate
valuable head space gas back into the liquid, extends
the range of application to which the highly desirable
AGR technology is applicable. The invention thus en-
hances the use of AGR technology to desirable proc-
essing operations in which hydrogen, oxygen, chlor-
ine or other industrial gases are to be mixed with lig-
uids over a broad range of liquid level conditions with-
in the reaction vessel.

Claims

1. Animproved system for mixing a gas and a liquid
in a mixing vessel under circumstances in which
the depth of a body of the liquid changes over the
course of the mixing operation comprising:

(a) a mixing vessel for the mixing of a gas and
liquid;

(b) an impeller/draft tube assembly positioned
within the mixing vessel in the lower half
thereof, with the bottom of the draft tube be-
ing no closer than about 3/4 of a diameter of
said draft tube above the bottom of the mixing
vessel, said impeller/draft tube assembly
comprising a hollow draft tube with axial flow,
down-pumping impeller means positioned
therein for vortex development and the inges-
tion of a gas bubble-liquid mixture for down-
ward passage through the draft tube, said as-
sembly being positioned below the lowest lig-
uid level to be encountered during the gas-lig-
uid mixing operation;

(c) drive shaft means extending upward
through the mixing vessel and adapted for ro-
tating the impeller means of said impeller-
/draft tube assembly to create a circulation of
a gas bubble-liquid mixture downward
through said hollow draft tube, with discharge
of the gas bubble-liquid mixture from the bot-
tom end of the draft tube for passage upward
in the annular space between the draft tube
and the wall of the mixing vessel;

(d) at least two hollow eductor tubes extend-
ing radially outward from said drive shaft
means into the body of liquid in the mixing
vessel above the impeller/draft tube assem-
bly, said hollow eductor tubes being spaced
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apart and located at a distance of 1/4 to 1 1/2
times the diameter of the draft tube above the
top of the draft tube, said hollow eductor tubes
having a total end-to-end length from the wa-
ter end of one hollow eductor tube to the outer
end of another of from 1/2 to 1 1/2 times the
diameter of the draft tube; and
(e) conduit means for providing fluid commu-
nication between said hollow eductor tubes
and the overhead gas space above the sur-
face of the body of liquid in the mixing vessel
at a location above the highest liquid level to
be encountered during the gas-liquid mixing
operation,
whereby efficient gas-liquid mixing is maintained
under variable liquid operating level operations
with desirable recirculation of gas from the over-
head gas space into the body of liquid.

The system of Claim 1 in which the impeller/draft
tube assembly is positioned in the lower third of
the mixing vessel.

The system of Claim 1 in which said hollow educ-
tor tubes are located at a distance of 1 1/2 to 1
times the diameter of the draft tube above the top
of the draft tube.

The system of Claim 1 in which said hollow educ-
tor tubes have a total end-to-end length from the
outer end of one hollow eductor tube to the outer
end of another of from 1 to 1 1/4 times the diam-
eter of the draft tube.

The system of Claim 1 in which said drive shaft
means comprises a drive shaft having a hollow
portion extending from above the highest liquid
level to be encountered during the gas-liquid mix-
ing operation to the position of said hollow educ-
tor tubes, said hollow portion comprising the con-
duit means for providing fluid communication be-
tween said hollow eductor tubes and the over-
head gas space of the surface of the body of lig-
uid in the mixing vessel, and including gas inlet
means in said drive shaft to enable gas to pass
from the overhead gas space to the hollow por-
tion of the drive shaft.

The system of Claim 1 in which said conduit
means comprises conduits affixed to said drive
shaft means and extending form above the high-
est liquid level to be encountered during the gas-
liquid mixing operation to the position of said hol-
low eductor tubes.

The system of Claim 1 in which two hollow educ-
tor tubes extend radially outward from said drive
shaft means.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The system of Claim 7 in which said hollow educ-
tor tubes are spaced 180° apart.

The system of Claim 1 in which three hollow
eductor tubes extend radially outward from said
draft shaft means.

The system of Claim 9 in which said hollow educ-
tor tubes are spaced 120° apart.

The system of Claim 1 in which four hollow educ-
tor tubes extend radially outward from said drive
shaft means.

The system of Claim 11 in which said hollow educ-
tor tubes are spaced 90° apart.

The system of Claim 1 in which said drive shaft
means are adapted to rotate said hollow eductor
tubes at a tip speed of between 1,500 to 3,000
FPM.

The system of Claim 13 in which said draft shaft
means are adapted to rotate said hollow eductor
tubes at a tip speed of between 2,000 and 2,400
FPM.

The system of Claim 1 in which the outer ends of
said hollow eductor tubes cut at an angle trailing
back from the direction of gas flow therethrough.

The system of Claim 15 in which the angle of cut
is from 30° to 90°.

The system of Claim 16 in which the angle of cut
is about 45°.

The system of Claim 1 and including a split draft
tube positioned above the impeller/draft tube as-
sembly in the region of the body of liquid in the
mixing vessel between the lowest and the high-
est liquid level to be encountered during the gas-
liquid mixing operation, said split draft tube hav-
ing openings therein to enable liquid passing up-
wardly in the mixing vessel to flow into the interior
of said split draft tube for recirculation downward-
ly therein to be the vicinity of said impeller/draft
tube assembly.

The system of Claim 18 in which said split draft
tube has axial, upwardly extending splits therein
comprising said openings for the passage of lig-
uid therethrough.

The system of Claim 19 in which said split draft
tube has two axial, upwardly extending splits on
opposite sides thereof.
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The system of Claim 18 in which said hollow
eductor tubes are located at a distance of 1/2 to
1 times the diameter of the draft tube above the
top of the draft tube, and the impeller/draft tube
assembly is positioned in the lower third of the
mixing vessel.

The system of Claim 1 in which the bottom of the
draft tube is about one diameter of said draft tube
above the bottom of the mixing vessel.
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